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Over  20  years  of  ci&zen  science  
data


Since	
  1997,	
  the	
  S’COOL	
  program	
  
gathered	
  student	
  cloud	
  observa@ons	
  to	
  
provide	
  ground	
  truth	
  measurements	
  to	
  
provide	
  valida@on	
  for	
  the	
  CERES	
  
instrument.	
  

The cover of the Jun 2003 
issue of BAMS.	
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Students	
  were	
  
asked	
  to	
  @me	
  
obs.	
  with	
  satellite	
  
overpasses	
  



S’COOL  is  now  NASA  GLOBE  Clouds
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  h"ps://www.globe.gov/web/s-­‐cool	
  	
  



Download	
  the	
  GLOBE	
  Observer	
  app	
  -­‐	
  hSps://observer.globe.gov/about/get-­‐the-­‐app	
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Ci&zen  Science  Remains  Strong  for  
over  a  Decade


‘17	
  

144,543	
  Obs.	
  
96,129	
  matches	
  
~equal	
  to	
  total	
  #	
  of	
  S’COOL	
  
obs.	
  



GLOBE  Clouds  Satellite  Matching


Observa@ons	
  within	
  ±	
  15	
  
minutes	
  and	
  within	
  a	
  defined	
  
lat/long	
  area	
  are	
  matched	
  to	
  

satellite	
  data.	
  

An	
  email	
  is	
  sent	
  to	
  the	
  observer	
  
showing	
  how	
  their	
  observa@ons	
  

matched	
  to	
  satellite	
  data.	
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Classifying  Cloud  Types  with  Neural  Networks

Input

    Cloud Type: Cirrus 

Output

Raw Image

Pre-Process Image Process Image in Neural Network

Obtain cloud type proposal
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“Great  American”  Total  Solar  Eclipse  2017
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M2	
  

M4	
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20,369	
  cloud	
  obs.	
  
19,681	
  satellite	
  matches	
  
~75,000	
  Temperature	
  observa@ons	
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GLOBE Clouds Data Challenge (March 15 
– April 15) Finale and Congratulatory Video 

Jessica Taylor, NASA Langley Research Center, 
NASA Earth Science Education Collaborative (NESEC) 
Jessica.e.taylor@nasa,gov 

•  55,185 observations taken in one month 
•  compare with ~10,000 per year from S’COOL, 

100,000 from GLOBE 

•  33,974 satellite matches 
•  Major public interest and media recognition 
•  No natural phenomenon (e.g. solar eclipse), 

but public responded enthusiastically 
•  If professional scientists need ground 

observations to address specific scientific 
questions in the future, citizen scientists will 
respond 

https://www.nasa.gov/feature/langley/nasa-to-cloud-gazing-citizen-scientists-job-
well-done 
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Data  Challenge  Observer  Loca&ons


all	
  seven	
  con@nents,	
  including	
  Antarc@ca	
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CERES  versus  S’COOL  –  Two  Major  
Studies


(2004)	
  

(2017)	
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CERES  versus  S’COOL  –  Main  
Findings


•  CERES	
  and	
  S’COOL	
  agreed	
  on	
  presence	
  of	
  clouds	
  87%	
  of	
  the	
  @me	
  
•  Major	
  disagreement	
  in	
  cloud	
  cover	
  oaen	
  occurred	
  from	
  S’COOL	
  
spa@al	
  mismatches	
  at	
  the	
  edge	
  of	
  CERES	
  grid	
  boxes;	
  some	
  @me	
  
errors	
  as	
  well	
  

•  improvements	
  in	
  space/@me	
  matching	
  has	
  led	
  to	
  improvements	
  in	
  
agreement	
  

•  S’COOL	
  transparency	
  es@mates	
  correspond	
  with	
  CERES	
  op@cal	
  
depth	
  es@mates	
  

•  Major	
  disagreements	
  in	
  cloud	
  layers	
  occurred	
  when	
  observer	
  saw	
  
single	
  unbroken	
  low	
  cloud	
  layer	
  when	
  satellite	
  saw	
  high	
  clouds	
  
above	
  

•  Snow	
  was	
  not	
  a	
  major	
  factor	
  in	
  causing	
  major	
  disagreements	
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CERES  versus  S’COOL  -­‐  Cloud  Type


Chambers	
  et	
  al.	
  2017	
  



1.  Can	
  we	
  beSer	
  characterize	
  the	
  condi@ons	
  in	
  which	
  GLOBE	
  
clouds	
  and	
  CERES	
  disagree?	
  

2.  How	
  much	
  do	
  newer	
  cloud	
  detec@on	
  algorithms	
  and	
  
merged	
  sensor	
  cloud	
  products	
  (e.g.	
  C3M)	
  improve	
  the	
  
satellite	
  cloud	
  es@mates	
  over	
  CERES	
  alone	
  for	
  situa@ons	
  
where	
  CERES	
  has	
  difficulty?	
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We	
  are	
  in	
  the	
  planning	
  stages	
  for	
  iden:fying	
  the	
  scien:fic	
  
possibili:es	
  of	
  GLOBE	
  Clouds	
  

Two  Main  Scien&fic  Ques&ons  for  
GLOBE  Clouds
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Observing  thin  (subvisible)  cirrus
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Contrails
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Clouds  below  cloud/aerosol  layers




Help  us  design  the  next  GLOBE  
Clouds  Data  Challenge!


Contact	
  the	
  team	
  	
  
h"ps://scool.larc.nasa.gov/GLOBE/contact/	
  

Or	
  	
  
Marilé	
  directly	
  at	
  Marile.ColonRobles@nasa.gov	
  
Brant	
  directly	
  at	
  Jason.B.Dodson@nasa.gov	
   23	
  

Marilé	
  Colón	
  Robles,	
  
SSAI	
  

NASA	
  Educa:on	
  
Specialist/GLOBE	
  

Clouds	
  Lead	
  	
  
	
  

Tina	
  Rogerson,	
  SSAI	
  
Scien:fic	
  Programmer/

Analyst	
  	
  

Dr.	
  Jason	
  (Brant)	
  
Dodson,	
  SSAI	
  

Research	
  Scien:st	
  

Cayley	
  Cruickshank	
  
DeFontes	
  

NIFS	
  Data	
  Science	
  
Intern	
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S’COOL	
  Project	
  par@cipa@on	
  around	
  the	
  globe.	
  

Using	
  72,501	
  S’COOL-­‐MODIS	
  matches,	
  
authors	
  found	
  87.2%	
  agreement	
  
between	
  ground	
  observa@ons	
  and	
  
satellite	
  detec@on.	
  	
  
	
  
MODIS–CALIPSO	
  cloud	
  detec@on	
  
comparisons	
  also	
  show	
  an	
  agreement	
  
of	
  87%	
  providing	
  confidence	
  in	
  S’COOL	
  
observers’	
  ability	
  to	
  discern	
  and	
  
accurately	
  report	
  the	
  presence	
  of	
  
clouds.	
  

BAMS	
  ar@cle	
  (March	
  2017)	
  addressing	
  
scien@sts	
  concerns	
  about	
  accuracy	
  of	
  
crowd-­‐sourced	
  data.	
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NGC-Net: NASA GLOBE Clouds Program Cloud Recognition Network

•  NGC-Net (NASA GLOBE Clouds-Network) is a convolutional neural network created to identify cloud 
types from ground-based images uploaded to the GLOBE Observer platform by citizen scientists and 
NASA GLOBE Clouds Program participants.

•  NGC-Net is built on VGG-16 architecture and contains 41 total layers to classify 8 distinct cloud 
categories.

•  Network obtained 97.88% validation accuracy when trained on 4,800 ground-based images from 
GLOBE Observer mobile application users.

Object Class Class Description Number of Images Trained per 
Class

Cirrus Cirrus 600

Cumulus, High level Cirrocumulus 600

Stratus, High level Cirrostratus 600

Cumulus, Mid/Low levels Altocumulus, Stratocumulus, Cumulus 600

Stratus, Low/Mid levels Altostratus, Stratus, Nimbostratus 600

Cumulonimbus Cumulonimbus 600

Contrails Short-lived, Persistent-Non Spreading, Persistent Spreading 600

Clear Sky Clear sky (no clouds) 600

8 Total Categories 4,800 Total Images
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Image	
  uploaded	
  via	
  GLOBE	
  Observer	
  of	
  clouds	
  observed	
  in	
  
Redmond,	
  Washington.	
  

Contrail	
  0.9449	
  

Cirrocumulus	
  0.8831	
   Contrail	
  0.9936	
  

Cirrostratus	
  0.9214	
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Lin	
  et	
  al.	
  2004	
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#  of  Observa&ons  from  Highly-­‐
produc&ve  Observers  by  Na&on
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Lin	
  et	
  al.	
  2017	
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Lin	
  et	
  al.	
  2017	
  

CERES  versus  S’COOL  Cloud  
Opacity




•  CERES	
  and	
  S’COOL	
  agreed	
  in	
  roughly	
  half	
  of	
  cases	
  (52%	
  and	
  44%)	
  
•  Major	
  disagreement	
  in	
  cloud	
  cover	
  oaen	
  occurred	
  from	
  S’COOL	
  
spa@al	
  mismatches	
  at	
  the	
  edge	
  of	
  CERES	
  grid	
  boxes;	
  some	
  @me	
  
errors	
  as	
  well	
  

•  Major	
  disagreements	
  in	
  cloud	
  layers	
  occurred	
  when	
  observer	
  saw	
  
single	
  unbroken	
  low	
  cloud	
  layer	
  when	
  satellite	
  saw	
  high	
  clouds	
  
above	
  

•  Snow	
  was	
  not	
  a	
  major	
  factor	
  in	
  causing	
  major	
  disagreements	
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Lin	
  et	
  al.	
  2004	
  

CERES  versus  S’COOL  Cloud  Cover



